ABSTRACT Phase equilibria in ternary systems M / P 10 , oxygen co-existence pressures in such systems, stabilisation of metals in rather low oxidation states and eventually electrical and optical charge transfer properties of phosphates are discussed for representative examples from our recent research. The observations are summarized with respect to the redox behaviour of anhydrous phosphates.
INTRODUCTION
The redox properties of anhydrous transition metal phosphates play a key role in many applications of such compounds.
A particular redox potential is the prerequisite for heterogenous catalysts in oxidation and dehydrogenation reactions with alkanes . Redox equilibria between phosphate anti-corrosion coatings and metal substrates determine phase formation at the interface and hence the stability of the coating . Electrochemical applications of phosphates as solid electrolytes and/or electrode materials depend on their redox properties .
Last but not least the mere existence of a particular phosphate depends on the mutual redox stability of cations and phosphate groups.
In this contribution we shall review some representative results from our recent research iluminating the redox behaviour of anhydrous phosphates . 
STABILISATION OF CATIONS WITH LOW OXIDATION STATES IN PHOSPHATES
From our work we find that phosphates are particular suited to stabilize metals in rather low oxidation states. The series of chromium(II) phosphates (Cr2P2O7 [10] , Cr3(PO4)2 [11] , [3] , Cr2+Cr,NP,O,7 ), [12], known already for some time. and the rather new indium phosphates In1+In3+P2O7 [13] and (In24+ )(In3+)2O2(PO4)2 [14] . Obviously, there is a particular tendency for the acidic oxide P4O10 to form stable compounds with rather basic oxides. This has the consequence that oxides of cations in low oxidation states are generally better stabilized by an solid state acid/base reaction with P4O10 than higher metal oxides . This general statement is supported by various experimental observations. Anhydrous chromium(II) phosphates are stable towards a disproportionation into chromium phosphides and chromium(III) phosphates despite the instability of "CrO" due to diproportionation into elemental chromium and Cr2O3 . On the other hand, manganese(III)phosphates MnPO4 [15] and Mn(PO3)3 [ 16 exhibit rather low thermal stability and readily decompose t o manganese(II) phosphates and oxygen , despite a much higher thermal stability of Mn2O3 itself [17] . The limits for acid/base stabilisation of low metal oxides are reached , when the metal oxide becomes strongly enough reducing that P4O10 itself is reduced tophosphorus or even phosphide. The missing of anhydrous titanium(II) and vanadiurn(H) phosphates and of P4O10-rich phosphates of chromium(II) , too, can be rationalized along these lines.Especially the thermodynamic stability of a phosphate containing the transition metal ina medium oxidation state is a delicate balance between optimisation of the heat of neutralisation f or the reaction of MOx with P4O10 and the gain in stability by further oxidation of the metal o xide.
ELECTRONIC SPECTRA AND REDOX BEHAVIOUR
In general anhydrous phosphates are well suited for the study of electronic spe ctra of t ransition metal ions [1] . Single crystals from chemical vapour transport experiments [1 , 18] [25] , Fe2+/3+ in numerous iron phosphates [26 ,27] ). In these cases,the colour indicates always a particular redox behaviour of the given element , followed by some sort of nonstoichiometry. Cases are rare in phosphate chemistry , where mixed-valency occurs with localized charges. As examples for this electronic situation the transparent chromium II III)
phosphates (Cr7(PO4)6, brown [3] ; Cr3(P2O7)2, yellowish-green [28] ) might serve.
